SUMMARY: The saprophytic Mycoplasma laidlarevii strains A and B were grown in a partially defined medium composed of inorganic salts, Casamino acids, vitamins, nucleic acids, glucose and 10 yo (v/v) horse serum. The growth was less good than in the complex Edward medium; addition of known growth factors did not improve growth. Addition of yeast extract (0.05%, w/v) to the partially defined medium allowed growth equivalent to that in Edward medium. The serum could be replaced by 1 yo (w/v) crystallized bovine plasma albumin. The suboptimal growth obtained in the albumin-containing medium was not improved by adding cholesterol, Tween 80, lecithin and other growth factors known to be required by other Mycoplasma spp. Riboflavin and nicotinic acids were the only vitamins found to be essential for the growth of M. Zuidlawii strain A in the albumin medium. The Casamino acids could be replaced by a mixture of known amino acids. The pathogenic M. nu~coides var. Capri and M. bovigenitalium grew in the partially defined medium when the concentration of the serum was increased to 20 yo (v/v) and yeast extract added to a final concentration of 0.05 yo (w/v).
was used for viable counts (Butler & Knight, 1960~) . The partially defined medium finally evolved ( Table 1) was prepared by mixing volumes of several stock solutions as follows :
(1) 84 vol. of inorganic salts and amino acid solution. The solution was brought to pH 8.3 before autoclaving for 20 min. at 1 2 1 ' .
(2) 10 vol. of horse serum (Burroughs Wellcome: normal no. at 4' and used within a month. Penicillin solutions were freshly prepared before use. The complete medium was adjusted to pH 8. 3 by adding sterile N-NaOH. Pyrex glassware was used in all experiments; before use it was cleaned in chromic + sulphuric acid mixture and thoroughly rinsed with distilled water.
The medium was dispensed in 10 ml. quantities in 6 in. x Q in. test tubes or in 1-shaped tubes (van Heyningen & Gladstone, 1953) . Sterilization of the various chemicals added to the basal medium as supplements was carried out either by autoclaving for 20 min. at 121' or, when heatlabile, by suction through sintered-glass bacterial filters.
Conditions of growth. Ten ml. liquid Edward medium in a I-shaped tube were inoculated with 0.1 ml. stock culture and rocked gently in a 37" water bath for 24 hr. The organisms were harvested and washed according to Butler & Knight (19604. Each tube of experimental medium received 0.1 ml. of a 1/10 dilution of the washed suspension. Viable counts showed the initial inoculum to contain c. 105 viable particles/ml. medium. Inoculated test tubes were incubated statically in air at 37" and the 1-shaped tubes were rocked in a 37" water bath. Growth was usually estimated after incubation for 96 hr.
Assessment ofgrowth. The extent of growth was measured by: (a) the viable count technique as described by Butler & Knight (1960~); (b) titratable acid which was estimated by titrating cultures in media containing glucose with 0.01 N-NaOH to pH 8.3, as measured by a glass electrode; uninoculated media served as controls. The two techniques gave results in agreement.
Chemicals. Most of the inorganic and organic chemicals were analytical reagents. Ribonucleic acid, Na salt from yeast (Na-RNA) was the product of filter. ribonucleic acids, sterilized by filtration. Dialysis of horse serum. Forty ml. horse serum (Burroughs Wellcome; normal no. 2) were put into a cellophan bag (Visking, 0.85 in.) and dialysed at 4" against 4 1. demineralized water; the water was changed after 20 hr. After a further 5 hr. the water was replaced by a salt solution (g./l.: NaaPO,, 5.5; KH,PO,, 0.27; NaCI, 2.9; MgSO4.7H2O, 0.18; pH 8.0), and the dialysis continued for 19 hr. The dialysed serum was then sterilized by suction through a sintered-glass filter.
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RESULTS
The development of the partially defined medium
Eagle's tissue culture medium (Eagle, Oyama, Levy & Freeman, 1957) was chosen as a basis for compounding our medium. After various modifications of the original Eagle's medium a partially defined medium was achieved which enabled good multiplication of the saprophytic Mycoplasma laidlawii strains A and B. The ingredients of this medium are given in Table 1 . Later work has shown that not all the compounds listed in Table 1 are essential. But the medium given was used as a basis for the work described here. The development of the medium and comments on its major components follow.
Inorganic salts. The bicarbonate buffer included in Eagle's medium was replaced by phosphate buffer, since bicarbonate was not found to be essential for growth. The concentration of buffer in the medium was important. The acid produced by the organisms from glucose during growth causes a decrease in the pH value of the medium; below pH 7.0 multiplication stops (Laidlaw & Elford, 1936 ; and our observations). Different concentrations of phosphate buffer were therefore tested; 0 . 0 2 -0 * 0 3~ was found to enable best growth. Lower concentrations had not sufficient buffering capacity and higher concentrations became somewhat toxic (Fig. 1) . A concentration of 0.03 M-phosphate buffer was chosen.
CaC1, and Fe(NO,),, which are constituents of Eagle's medium, could be eliminated without affecting growth. Ash of Bacto-peptone and SnC1,. 2H,O, which were reported to stimulate growth of some Mycoplasma organisms in the medium of Smith (1955), had no stimulatory effect when tested in our medium.
Casami.no acids. The concentration of Casamino acids (Bacto vitamin-free Casamino acids, acid hydrolysed) optimal for growth was 1 yo (w/v). Below and above this concentration there was less growth and it was much delayed 
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( Fig. 2) . However, some growth occurred even without addition of Casamino acids, probably because of the small amounts of amino acids supplied by the serum. Raising the concentration of DL-cystine and DL-tryptophan, which supplemented the Casamino acids, from 30 to 290 mg./l. had no effect on the growth. L-Cysteine-HC1 at 1000 mg./l. suppressed growth. Vitamins. Eagle's vitamin mixture supported suboptimal growth only. Increasing the concentration of all vitamins 2.5-fold and that of riboflavin 25-fold, and the addition of nicotinic acid (2-5 mg./l.) markedly improved growth. Glucose. The strains of Mycoplasnta laidlawii tested are able to metabolize glucose (Edward, 1950) ; decrease of glucose concentration in the medium from 0-75 to 0.1 % (w/v) had no effect on the growth. The presence of this fermentable carbohydrate in the medium at 0.75% (w/v) made possible the rapid assessment of growth by the acid titration method.
Horse serum. Best growth of the saprophytic Mycoplasma strains was obtained when the concentration of the serum in the partially defined medium was 20% (v/v). However, decrease of the serum content to 10% (v/v) had a very little adverse effect on the growth and therefore the latter concentration was chosen. The organisms of the inoculum survived without multiplication when the serum concentration was decreased to 1 % (v/v) (Fig. 8) . They died rapidly when the serum was completely eliminated.
Nucleic acids. Components supplied by ribonucleic and by deoxyribonucleic acids were essential for growth of Mycoplama laidlawii strain A; M . laidlawii strain B and M. rnycoides var. Capri required DNA components only (Razin & Knight, 1960b) .
Penicillin. This antibiotic was added as a precaution against contamination during the long incubation periods used in the experiments. Penicillin in the concentration used has no inhibitory effect on the growth of the Mycoplasma organisms (Edward & Freundt, 1956 ).
Expm'ments to improve the partially defined medium Although a reasonable degree of growth of the saprophytic Mycoplasma strains was obtained in the partially defined medium this was inferior to growth in the rich Edward medium. The addition of a small amount of yeast extract (Oxoid; 0.05 %, w/v) to the partially defined medium gave growth comparable to that in Edward medium (Fig. 4) . This indicated that some material which is present in yeast extract was missing from the partially defined medium or was present in too low a concentration. Various compounds were tested for ability to replace the yeast factor, namely: L-glutamine, cholesterol, lecithin, Tween 80, spermine, haematin, vitamin K, (2-methyl-1 :4-naphthoquinone), adenosine triphosphate, diphosphopyridine nucleotide, various purines, pyrimidines, nucleosides and nucleotides, sodium acetate, sodium lactate, glycerol. Some of these compounds have been reported by various authors to be essential for, or to stimulate, the growth of other Mycoplasma organisms. The compounds were tested over a range of concentrations, singly or in various mixtures, but none of them was found to improve growth significantly ; some even inhibited growth in certain concentrations. Experiments to separate and characterize the growth factor(s) present in yeast extract have not yet been made.
Replacement of the serum in the partially defined medium
The presence of horse serum in the partially defined medium prevented its use for the determination of the amino acid and vitamin requirements of the organisms, although it did not interfere with testing for the nucleic acid requirements (Razin & Knight, 1960 b) . Experiments to eliminate the serum from the medium were therefore carried out. Mycoplasma laidlawii strain A died very quickly when serum was omitted from the medium, but survived without multiplication when the serum concentration was 1 % (v/v). Good growth occurred only when the concentration of the serum was raised to 10 yo (v/v) (Fig. 3) . When 10 yo (v/v) of dialysed serum were added to the medium growth occurred only after a very long (76 hr.) lag period. This suggests that small molecules ( ? salts) of the serum were important. M. laidlawii strain A survived but did not multiply when the serum was replaced by 1 yo (w/v) of charcoal or soluble starch. Good multiplication was obtained when the serum was replaced by crystallized bovine plasma albumin ; the optimal concentration was 0.5 % (w/v); growth was then slightly less than that with 10 % (v/v) serum (Fig. 5 ) .
Various additions to the albumin-containing medium were tried in order to improve growth. Cholesterol, Tween 80 and lecithin, singly or in mixtures, were ineffective when tested over a wide range of concentrations. Lecithin inhibited growth slightly when tested in concentrations higher than lOpg./ml. Unpurified Tween 80, which apparently contained a high percentage of free oleic acid, was toxic in concentrations higher than 0.001 mg./ml. ; purification eliminated this toxicity and then growth was not affected even by 0.50 mg./ml. of the purified material. Cholesterol had no effect on the growth in concentrations ranging from 0.001 to 0.30 mg./ml. A mixture of cholesterol and Tween 80 (each 0.05 mg./ml.) did not replace the albumin in the medium. Sodium acetate, reported to stimulate growth of some Mycoplasma organisms (Smith & Lynn, 1958) did not improve growth in the albumin-containing medium; it inhibited growth at concentrations higher than 1 mg./ml. Similar results were obtained with sodium lactate and glycerol, which were reported to be essential for growth of M. mycoides var. mycoides (Rodwell, 1960) ; sodium lactate inhibited growth of M. laidlawii strain A even at 1 mg./ml. The addition of vitamin BIZ, biotin or spennine did not improve growth; spennine inhibited growth at lopg./ml. Vitamin requirements Although growth in the albumin-containing medium was suboptimal (as compared with serum medium) this medium was adequate for testing the vitamin requirements of Mycoplama laidlazerii strain A. The ten vitamins were omitted from the medium one by one. Riboflavin and nicotinic acid were the only vitamins found to be required. Mycoplasma laidlawii strain A. Acid production was determined after incubation a t 37" for 96 hr. Fig. 6 . Effects of replacing the Casamino acids of the partially defined medium by amino acid mixtures. Test tubes contained 10 ml. medium with different amino acid mixtures and either 10 yo (v/v) of serum or with 1 yo (w/v) of crystallized bovine plasma albumin.
Initial inoculum 3 x 106 viable particleslml. of Mycoplasma laidlaw'i strain A. Acid production determined after incubation a t 37" for 113 hr.
Replacement of the Casamino acids by amino acid mixtures Replacement of Casamino acids by known amino acid mixtures was tried with the partially defined medium, which contained either 10% (v/v) horse serum or 1 yo (w/v) crystallized bovine plasma albumin. The amino acid mixtures tested were compounded according to various authors who had used them in defined media for tissue cultures or for micro-organisms ( Table 2) . None of the six amino acid mixtures tested replaced the Casamino acids completely. Best growth was obtained with the amino acid mixture used by Traub, Mager & Grossowicz (1955) for growing Pasteurella tularensis (Fig. 6 ) . In general the amino acid mixtures used for cultivating micro-organisms proved better than those used for tissue cultures.
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The growth of other Mycoplasma organisms in the partially defined medium As mentioned before, Mycoplasma laidlawii strain B grew well on the partially defined medium. This organism differed from strain A in not requiring RNA (Razin & Knight, 1960b) . The pathogenic organisms M. mycoides var. Capri and M. bovigenitalium did not grow in the partially defined medium. Increasing the serum concentration from 10 to 20% (v/v) and addition of 0.05 yo (w/v) yeast extract (Oxoid) to the medium enabled good growth of these organisms to occur. Increasing the concentration of DNA from 50 to 500,ug./ ml. in this fortified medium allowed optimal growth of M. mycoides var. Capri which was similar to the amount of growth obtained in the rich Edward medium (Fig. 7) . This organism produced much more acid than the saprophytic Mycoplasma strains. M . bovigenitalium does not ferment glucose, therefore estimation of its growth by the acid titration method could not be made. Viable counts showed its multiplication in the partially defined medium fortified by increasing the serum to 20% (v/v) Pollock, 1949) . Albumin also allowed some growth in the partially defined medium without serum. The growth of the saprophytic Mycoplasma Zaidlawii strains A and B in the albumin-containing medium in the complete absence of serum is of interest, since this medium is apparently free from cholesterol which has been found essential for the growth of all the parasitic M y c o p l m a spp. tested (Edward & Fitzgerald, 1951 ; Smith, Lecce & Lynn, 1954; Rodwell, 1956) . The possibility that the saprophytic strains require only trace amounts of cholesterol, which was being supplied as a contaminant of the crystallized bovine albumin, seems unlikely; no cholesterol was detected even in the less purified bovine albumin fraction V (Edward, 1953) . The addition of cholesterol alone, or with Tween 80 and lecithin, to the albumin-containing medium did not improve growth. Hence, it seems that cholesterol is not essential at least for some degree of multiplication of the saprophytic Mycoplasm,~ Zaidlawii strains A and B. Edward & Freundt (1956), who stressed the importance of the cholesterol requirement as a criterion for distinguishing M y c o p h a spp. from bacteria, mentioned the possibility that the saprophytic strains might be found to be exceptional in this respect. However, Butler & Knight (1960 c) found a marked stimulation of the growth of M . Zaidlawii strain A in a peptone yeast-extract medium by adding cholesterol. It must also be remembered that the growth in the present albumin-containing medium was much less than in Edward medium. Thus our failure to get a growth response to the addition of cholesterol might be due to a deficiency of other growth factors which limited the growth of Mycoplamnu ZaidZawii in the albumin medium. On the present evidence it seems possible that the growth-promoting effects of cholesterol observed by Butler & Knight ( 1 9 6 0~) may have been due to a detoxicating effect, e.g. against traces of fatty acids such as has been noted by Pollock (1949) and Kodicek (1949) in their reviews. Thus no final conclusion about the cholesterol requirement of the saprophytic strains can yet be drawn; further work is required.
The vitamin requirements of Mycoplasnta laidlawii strain A, riboflavin and nicotinic acid, are similar to those of $1. mycoides var. mycoides which requires riboflavin, nicotinic acid and thiamine (Rodwell, 1960) . It may be of interest to mention here the requirement for riboflavin in the growth of the L-phases of certain Gram-negative bacteria (Tulasne, Terranova & IAavillaureix, 1955) .
The Casamino acids of the partially defined medium could be replaced by S . Raxin and 63. C . J . G . Knight certain amino acid mixtures; better growth was obtained with mixtures which contained rather high concentrations of amino acids. The mixtures used for tissue culture media, which contained low concentrations of amino acids, gave poor growth. On the other hand, the mixture of Kaufman & Humphries (1958) which contained a very high concentration of amino acids (equivalent to 2-5 yo, w/v, Casamino acids) gave inferior growth. These results are in accordance with the present findings that the concentration of Casamino acids optimal for the growth of Mycoplamnu laidlawii strains A and B was rather high (1 %, wlv), but that still higher concentrations decreased growth. Growth inhibition by high concentrations of amino acids is well known (Magasanik, 1957) .
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